ABSTRACT New Zealand is known around the world as a country that is clean, green and "100% Pure." The existence of genetically modified organisms in New Zealand is generally viewed as inconsistent with this identity, and there is therefore considerable public controversy surrounding research that utilises genetic modification techniques. In this paper, I examine the variety of interacting factors that are serving to shape this controversy, the influence it is having on research practices, and the implications for future risk management policy.
Students will gain a nuanced understanding of the controversy over research into genetically modified organisms (GMOs) in New Zealand. They will learn that this controversy (1) involves interactions between a wide variety of factors, including legislation, decision-making processes, formal methods of public consultation, and GE-Free activism; (2) predominantly focuses on outdoor GMO research; and (3) is diverting attention away from other forms of GMO research, especially research conducted indoors. This detailed examination will enable students to learn how this controversy is serving to shape GMO research practices; they will also be encouraged to consider the potential implications this has for future risk management policy.
INTR INTRODUCTION ODUCTION
New Zealand is known around the world as a country that is "100% Pure." While this portrayal of an untouched landscape is particularly associated with a tourism marketing campaign [1] , many New Zealanders also identify with this "clean green" image [2] . Efforts to maintain New Zealand's environmental integrity are therefore often high on the sociopolitical agenda, as evident in the country's long-standing "Nuclear-Free" stance [3] , and its recent drive to become "Predator Free" [4] .
Consistent with this "clean green" identity, many are proud to label New Zealand as "GE Free" [2] . Nevertheless, genetic engineering (GE) techniques are commonly used in New Zealand-based biotechnology research. The use of these techniques to develop genetically modified organisms (GMOs), particularly in agriculture, is especially contentious 1 . The importance of primary industries to the New Zealand economy means that there are not only significant benefits that could result from GMO research [6] , but also significant costs [7] . As a result, there is controversy and debate that extends across the political, social, economic and scientific communities over the place of GMO research in New Zealand. This paper provides a case examination of the controversy over GMO research in New Zealand. It is situated within an extensive literature that has charted the rise of such controversy worldwide following the emergence of commercial developments of GMOs in the late twentieth century [8] [9] [10] [11] . The approach taken follows others in the 1. 1. The definition and use of the terms "GM" and "GE" are themselves a matter of contention. For a detailed consideration of the debate surrounding these terms with a particular emphasis on the New Zealand context, see Ref [5] . For the purpose of this article, I will refer to the products of biotechnology research that are regulated under New Zealand legislation as "GMOs, " thereby following the terminology used in this legislation (see HSNO Act, 1996, section 2). In contrast, I will refer to groups and individuals that take action against such research as "GE-Free activists, " thereby following their self-identification with this term [5] . field of Science and Technology Studies that explore the politics of scientific change and conflict [9, 12] , including, more specifically, those who use the methodological tools associated with Actor-Network Theory to explore sociotechnical controversies [13, 14] . Although these approaches are not aimed at resolving such controversies, they provide important insights into the complex relationships involved in constructing them [14] . As such, we are asked to focus on the intricate details of what is being done, where it is being done, and the multitude of people and things involved in doing it. By tracing these relations, we can also consider what could (or should) be done differently, and the consequences of future (in)action [15] .
ARTICLE CASE
In this case examination, I will outline key aspects of the controversy over GMO research studies that have occurred over the course of the last twenty years. As such I will focus on "particular episodes and on particular issues" [13, p. 6] that are evident in the wealth of data available during this time period. These data include written documents associated with government legislation, decisionmaking processes, public debate, and GE-free activism. I will also draw on interview data collected as part of a broader programme of research exploring GMO research practices in New Zealand (see Ref [16] for further details). By tracing the relations within and between these sources of evidence, I will ask how a variety of interacting factors have served to shape what is included in-and excluded from-the controversy over GMO research in New Zealand. This analysis will enable me to consider how this controversy is influencing GMO research practices, before finally speculating on the implications this has for future risk management policy.
CASE EXAMINATION

Governing GMO Research: The Legislative Context
The late twentieth century saw rapid growth of the biotechnology industry in New Zealand, including the development of GMOs. Although no GMOs were released into the environment, there were a number of indoor and outdoor research programmes, with the first field test conducted in 1988 [17] .
While this early growth in research capabilities was accompanied by some independent oversight and regulation, such measures were relatively piecemeal and had no statutory basis [18] . Ultimately, the need for a coherent approach to the governance of GMO research practices led to the enactment of the Hazardous Substances and New Organisms (HSNO) Act in 1996. GMOs are defined as "new organisms" under this Act (section 2A) and are therefore subject to the rules governing new organisms that came into effect from July 1998. This legal definition of GMOs as "new organisms" provides the statutory basis for GMO research as a biosafety concern, and therefore a risk that must be managed. Biosafety "addresses the technologies and practices that are implemented to prevent the unintentional exposure to humans or the accidental release of [new] organisms into the wild" [19, p. 304 ]. As such, there is a directive to restrict GM material to a specific, predetermined location. This level of restriction depends on the type of approval granted by the Environmental Protection Authority (EPA; previously the Environmental Risk Management Authority [ERMA] ).
There are four main types of approval under which a GMO can exist in New Zealand (see HSNO Act, 1996, section 27). The first two apply to research conducted within a containment facility, where the risk of GM material escaping is closely managed. A "development in containment" is usually conducted inside (i.e in a laboratory), but can be conducted outside for GM animal research. A "field test" is conducted in an outdoor containment facility in order to assess the performance of a GMO under less-controlled environmental conditions. In addition to these two categories of contained research there are two categories of release, where biosafety is arguably not a dominant concern. In a "conditional release" GMOs are grown outside a containment facility but must be confined to a specific geographic area and have the potential to be recalled entirely. Finally, the "release" of a GMO, is applicable to commercial use as it can be New Zealand wide with no provisions for recall necessary.
New Zealand's status as a GE-free food producing nation is possible because, to date, there has not been a "release" or "conditional release" of a GMO. This is particularly significant, given the country's reliance on food exports, the premium commanded by GE-free foods in overseas markets, and the associated financial impacts that could result from GMO releases within New Zealand [7, 20] . Nevertheless, a variety of GMO research programmes have been conducted within containment facilities. It is here that the battle lines appear to be drawn in the controversy over GMO research: while many New Zealanders accept the use of indoor facilities for GMO research, the use of outdoor facilities is particularly contentious and is viewed by many as analogous to a "release." In the following sections, I will explore this apparent separation in detail by considering a variety of instances in which the use of outdoor containment facilities has been central to the controversy over GMO research in New Zealand.
Debating GMO Research: The Royal Commission on Genetic Modification
Although the HSNO Act was intended as a coherent approach to the management of GMO research practices, it did little to allay public concerns over this rapidly expanding area of biotechnology. The late 1990s was punctuated by various forms of civic actions taken against the presence of GMOs in New Zealand's food and environment, including public demonstrations and the declaration of GE-free zones around the country [21] .
Many questions that surrounded GMO research became a political issue in the buildup to the 1999 general election [22] . In 1998, the Green Party-a political party in New Zealand-launched a campaign to raise public awareness on the topic of GE. During this campaign, the party co-leader Jeanette Fitzsimmons spoke to community groups around the country and issued numerous press releases [23] . These focused on the need to preserve New Zealand's clean green image and the potential threat posed by GMO research.
Right now, before these experiments reach commercial production, is the last chance this country has to say to the world, ' We are genetic engineering free, just as we are nuclear free' . [24] During this campaign, the Green Party launched a petition for a Royal Commission of Inquiry, the highest level government-led inquiry possible in New Zealand. They also called for a moratorium on GMO field releases and tests. The petition-signed by 92,000 people-was submitted to parliament in October 1999 [25] . After the November election, the incoming government signalled that it would establish a Royal Commission on Genetic Modification (RCGM) and impose a moratorium on field releases; a moratorium on field tests was encouraged on a voluntary basis [25] . The Green Party indicated that it was "satisfied" with the terms of reference for the inquiry and the moratorium on releases, although it was "very disappointed with lack of moratorium on field trials" [23] .
The RCGM began in May 2000. It was a survey of the present and future options available to New Zealand with regards to GM technology, and any legislative or institutional changes that would be necessary in order to pursue these options [17] . In all, over 10,000 New Zealanders contributed to the RCGM process [18], including members of the general public as well as representatives of special interest groups [25] .
During the course of the inquiry, it was evident that the public placed great value on the "clean green" image of New Zealand, and outdoor research posed a particular threat to this. Despite these concerns, the commissioners upheld the HSNO definition of field testing as a form of contained research [17, p. 122] . Their overall conclusion of "preserving opportunities" [17, p. 331] stressed the benefits that GMO research could yield if it was allowed to proceed under the regulatory framework provided by the HSNO Act. Furthermore, although they acknowledged the value of New Zealand's "clean green" image, the commissioners concluded that it would not be threatened by the development of GMOs in outdoor settings [17, p. 332] . This sentiment was underlined by the government's decision to lift the voluntary moratorium on GMO field tests soon after the RCGM was concluded (in October 2001) and the moratorium on releases two years later (in October 2003) [18] .
Taking Action Against GMO Research: Beyond the Royal Commission
The RCGM's decision not to recommend a completely GE-free New Zealand, which included the acceptance of outdoor GMO research, was met with dismay by numerous individuals and public interest groups who had taken part in the inquiry [26, 27] . The period directly following
Research into genetically modified organisms in New Zealand the RCGM was therefore a time when members of the public searched for other means to express their views and take action against GMO research [21, 28] . The Green Gloves Pledge, for example, was signed by 3,000 New Zealanders who promised:
To take non-violent but direct action to prevent the irreversible release of genetically engineered lifeforms into the New Zealand environment whether this is deemed illegal or not. [29]
This pledge to take "direct action" involved the sabotage of crops and was targeted not only at releases but also at GMO field tests around the country. One prominent group associated with these activities-the People's Moratorium Enforcement Agency-was comprised of people who were frustrated that their formal protests against GMO research had not been listened to. As a result
they have moved to take matters into their own hands. This month they held a camp with the express purpose of 'training activists in direct action techniques' ... They learned how to blockade trucks and trains carrying GM produce and how to make life difficult for those trying to end the protests... Crucially they also learned how 'decontamination' [destruction of crops] should be undertaken to minimise the risks of GM material spreading further into the environment. [30]
The training camp mentioned in the above quotation was targeted at a field trial of GM onions at Crop and Food Research, a New Zealand Crown Research Institute. Although there is no evidence that the skills learned at this particular training camp were ever put to use, Crop and Numerous other individuals and groups, though not necessarily advocates of such radical activities, nevertheless actively campaign against outdoor GMO research, choosing to use the popular media, protest marches, or even court cases to voice their concerns [21, 28] . In contrast to the "direct" sabotage of crops, these relatively "indirect" actions make use of democratic processes to target specific field test applications, although these actions can themselves take a variety of forms.
Under section 53 (1) (d) of the HSNO Act, field test applications must be publicly notified, and written and oral submissions must be considered before a decision is made on the application. Although the submissions process is intended for the consideration of specific details of the research proposal under application, submitters also use it as an opportunity to dispute the use of outdoor containment facilities more generally. This is evident in submissions made against an application to field test GM onions, which was lodged by Crop and Food Research in April 2008 [33] . In many of the submissions, the GM onion research itself was not specifically debated; instead, the field was the object of conflict. The legal definition of the field as a containment facility did little to assuage their fears that outdoor research would contaminate the New Zealand environment.
NZ is a 'GE free' country at the moment and, as such, enjoys substantial trade benefits which will be lost should GE crops be grown outside the laboratory. (Submission ID 9954)
It is paramount that we safeguard NZ's unique position as solitary GE Free first world ag producer -this gives us a tremendous advantage for our products with consumers who increasingly are rejecting genetic modification of food.
There is an absolute need to have only the complete confinement of any GE trials. (Submission ID 9982)
Ultimately, ERMA did not align itself with these views in its final decision, simply noting that "Several submitters… expressed concerns about allowing field tests of genetically modified organisms, " but that the decisionmaking committee was "satisfied that all of the concerns have been adequately addressed by the evidence and material considered" [34, p. 6].
Nevertheless, although this particular field test application was approved, the research has not commenced. The reason for this appears to be another form of indirect action: the informal monitoring of GMO field tests, which is regularly undertaken by GE-free activists.
[The president of GE Free NZ] accused authorities of being slack in their monitoring of field trials, and said the organisation maintains visual and photographic reports of all field trials in the country. [35] It was during a visit to a field test of GM brassicas at Crop and Food Research that a breach of containment conditions was detected. The discovery initiated a chain of events that ultimately led to the discontinuation of all GMO field tests at this research institution [36] , including the recently approved GM onion research.
Public action against outdoor GMO research has recently entered another phase. Some local communities have taken action to prevent all outdoor research and releases of GMOs by using planning mechanisms under the Resource Management Act (1991) [37, 38] . Although this move to regulate GMO research at the local level using non-HSNO legislation is itself a controversial matter [39, 40] , it is nevertheless another instance in which outdoor containment facilities are central to the controversy over GMO research in New Zealand.
Doing GMO Research: Progress Amidst the Controversy
Taken collectively, these various instances of controversy over the use of outdoor containment facilities appear to be having a significant effect on GMO research practices. Since 1988, a total of 57 outdoor GMO experiments have been approved and subsequently commenced; of these, only 12 
. I don't think it's the ease or difficulty. (Interview E)
The role played by the public in the decline of outdoor research activities has been highlighted elsewhere [28, 44] . What are not considered in such analyses are the consequences of this situation. As the above quotation indicates, a research institution's decision not to conduct a GMO field test should not be taken as an indication that they are not conducting any GMO research. There are other ways of furthering a research programme: one option is to "keep it in the lab." The relative acceptability of indoor research means that research institutions and individual scientists alike are not exposed to the level of public scrutiny associated with outdoor research, and there is therefore much less chance that their reputations will be damaged [16] . As a result, indoor research can proceed, and potentially thrive, despite the controversy surrounding outdoor research.
It is important to note that indoor facilities are becoming increasingly complex and sophisticated, and arguably blur the distinction between the laboratory and the field. One such facility, the "Biotron" at Lincoln University in Canterbury:
is essentially an encased and biologically secure, climatecontrolled laboratory unit that duplicates, on a small scale, an exterior growing environment …The beauty of it is that it bridges the gap between the complexity of real field communities of plants, insects and micro-organisms and the simplicity of laboratory or greenhouse experiments. [45] Although they are technically "indoors, " these facilities can only function through constant interactions with the "outdoors": for example, to enable soil to be brought in and out of the facility, or for service engineers to maintain equipment [16] . If proper procedures are not followed in the course of these interactions, GM material could easily escape into the outside environment.
Even the most modern [containment] laboratory would almost certainly experience a containment breach if the correct procedures and protocols aren't followed. (Interview N)
As such, there are significant risks associated with GMO research conducted in indoor containment facilities. Nevertheless, very little attention is being paid to these risks, and this is arguably a result of the overt focus on the risks associated with outdoor research [16] . Are people aware of this when they argue for a GE-free New Zealand? It is likely that the complexities of this situation will remain hidden as long as the use of outdoor containment facilities remains central to the controversy over GMO research in New Zealand.
These observations have implications for future GMO risk management policy. Current policy analysis asks whether New Zealand has the capacity to make decisions on outdoor GMO research and releases [21] . But it is equally important to question whether New Zealand has the capacity to manage the risks associated with the potenResearch into genetically modified organisms in New Zealand tial growth and increased complexities of indoor GMO research. Recent changes to decision-making pathways for indoor research could actually be undermining the ability of research institutions to manage the risks associated with GMO research [16] . It is time to reconsider the risks associated with indoor research, rather than assume that the lack of controversy that surrounds them is an indication of the "safety" that they can provide.
CONCLUSIONS
The controversy over GMO research in New Zealand is having a significant effect on research practices. The HSNO Act defines outdoor facilities as capable of containing GMOs and prevents the spread of GM material into the wider New Zealand environment. However, ongoing public controversy is successfully contesting the status of outdoor containment facilities, and research institutions are ultimately choosing not to conduct outdoor research.
But a GE-free New Zealand nevertheless creates space for GMO research-in the relative seclusion provided by indoor facilities. This has implications for the risk management of GMO research, and it is therefore vital to shift our attention to these hidden spaces rather than simply follow the direction of public controversy.
CASE STUDY QUESTIONS
1. Would you describe New Zealand as "GE Free"? Explain your answer.
2. Explain how each of the following factors are involved in, and serve to shape, the controversy over GMO research in New Zealand:
• Legislation and associated decision-making processes
• Formal methods of public consultation
• GE-free activists 3. How have the above factors influenced GMO research practices in New Zealand? What implications could this have for the future?
4. Environmental policy often has to deal with uncertainties regarding the risks and benefits of new technologies. In this case study, how has uncertainty over GMO research shaped the implementation of policy? Can you think of other examples where scientific uncertainty has influenced the implementation of policy?
5. This case study highlights aspects of GMO research that are hidden by the overt public controversy surrounding this matter. What insights do these observations give you into other sociotechnical controversies worldwide (for example, in your home country)?
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